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A system, in certain embodiments, includes a centrifugal
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edge, and a constant thickness section extending between the
leading edge and the trailing edge. A radius of curvature of the
leading edge and a radius of curvature of the trailing edge vary
along a span of the vane. A ratio of a length of the constant
thickness section to a chord length of the vane 1s at least
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along the span of the vane.
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1
CENTRIFUGAL COMPRESSOR DIFFUSER

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent
Application No. 61/226,732, entitled “Centrifugal Compres-
sor Diffuser”, filed on Jul. 19, 2009, and which i1s herein

incorporated by reference 1n its entirety.

BACKGROUND

This section 1s mntended to mtroduce the reader to various
aspects of art that may be related to various aspects of the
present invention, which are described and/or claimed below.
This discussion 1s believed to be helpiul 1n providing the
reader with background information to facilitate a better
understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are
to be read 1n this light, and not as admissions of prior art.

Centrifugal compressors may be employed to provide a
pressurized flow of fluid for various applications. Such com-
pressors typically include an impeller that 1s driven to rotate
by an electric motor, an internal combustion engine, or
another drive unit configured to provide a rotational output.
As the impeller rotates, tluid entering 1n an axial direction 1s
accelerated and expelled in a circumierential and a radial
direction. The high-velocity flmid then enters a diffuser which

converts the velocity head into apressure head (1.e., decreases
flow velocity and increases tlow pressure). In this manner, the

centrifugal compressor produces a high-pressure fluid output.
Unfortunately, there 1s a tradeoil between performance and
elficiency 1n existing diffusers.

BRIEF DESCRIPTION OF THE DRAWINGS

Various features, aspects, and advantages of the present
invention will become better understood when the following
detailed description 1s read with reference to the accompany-
ing figures 1n which like characters represent like parts
throughout the figures, wherein:

FIG. 1 1s a perspective view of centrifugal compressor
components including diffuser vanes having a constant thick-
ness section and specifically contoured to match the flow
characteristics of an impeller 1n accordance with certain
embodiments of the present technique;

FIG. 2 1s a partial axial view of a centrifugal compressor
diffuser, as shown 1 FIG. 1, depicting fluid flow through the
diffuser 1n accordance with certain embodiments of the
present technique;

FIG. 3 1s a meridional view of the centrifugal compressor
diffuser, as shown in FIG. 1, depicting a diffuser vane profile
in accordance with certain embodiments of the present tech-
nique;

FI1G. 4 1s a top view of a diffuser vane profile, taken along
line 4-4 of F1G. 3, 1n accordance with certain embodiments of
the present technique;

FIG. 5 1s a cross section of a diffuser vane, taken along line
5-5 of FIG. 3, 1n accordance with certain embodiments of the
present technique;

FIG. 6 1s a cross section of a diffuser vane, taken along line
6-6 of FIG. 3, 1n accordance with certain embodiments of the
present technique;

FI1G. 7 1s a cross section of a diffuser vane, taken along line
7-7 of F1G. 3, 1n accordance with certain embodiments of the
present technique; and
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FIG. 8 1s a graph of efficiency versus flow rate for a cen-
trifugal compressor that may employ diffuser vanes, as shown
in FIG. 1, 1n accordance with certain embodiments of the
present technique.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

One or more specific embodiments of the present invention
will be described below. These described embodiments are
only exemplary of the present invention. Additionally, 1n an
elfort to provide a concise description of these exemplary
embodiments, all features of an actual implementation may
not be described 1n the specification. It should be appreciated
that in the development of any such actual implementation, as
in any engineering or design project, numerous implementa-
tion-specific decisions must be made to achieve the develop-
ers’ specific goals, such as compliance with system-related
and business-related constraints, which may vary from one
implementation to another. Moreover, 1t should be appreci-
ated that such a development effort might be complex and
time consuming, but would nevertheless be a routine under-
taking of design, fabrication, and manufacture for those of
ordinary skill having the benefit of this disclosure.

In certain configurations, a diffuser includes a series of
vanes configured to enhance diffuser efliciency. Certain dii-
fusers may include three-dimensional airfoil-type vanes or
two-dimensional cascade-type vanes. The airfoil-type vanes
provide a greater maximum efliciency, but decreased perfor-
mance within surge tlow and choked flow regimes. In con-
trast, cascade-type vanes provide enhanced surge tlow and
choked flow performance, but result 1n decreased maximum
elficiency compared to airfoil-type vanes.

Embodiments of the present disclosure may increase dif-
tuser efficiency and reduce surge tflow and choked tlow losses
by employing three-dimensional non-airfoil diffuser vanes
particularly configured to match flow variations from an
impeller. In certain embodiments, each diffuser vane includes
a tapered leading edge, a tapered trailing edge and a constant
thickness section extending between the leading edge and the
trailing edge. A length of the constant thickness section may
be greater than approximately 50% of a chord length of the
diffuser vane. A radius of curvature of the leading edge, a
radius of curvature of the trailing edge, and the chord length
may be configured to vary along a span of the diffuser vane. In
this manner, the diffuser vane may be particularly adjusted to
compensate for axial flow vanations from the impeller. In
turther configurations, a camber angle of the diffuser vane
may also be configured to vary along the span. Other embodi-
ments may enable a circumierential position of the leading
edge and/or the trailing edge of the diffuser vane to vary along
the span of the vane. Such adjustment may facilitate a non-
airfoi1l vane configuration that 1s adjusted to coincide with the
flow properties of a particular impeller, thereby 1ncreasing
eificiency and decreasing surge flow and choked flow losses.

FIG. 1 1s a perspective view of centrifugal compressor 10
components configured to output a pressurized fluid tlow.
Specifically, the centrifugal compressor 10 includes an impel-
ler 12 having multiple blades 14. As the impeller 12 1s driven
to rotate by an external source (e.g., electric motor, internal
combustion engine, ¢tc.), compressible flud entering the
blades 14 1s accelerated toward a diffuser 16 disposed about
the impeller 12. In certain embodiments, a shroud (not
shown) 1s positioned directly adjacent to the diffuser 16, and
serves to direct fluid flow from the impeller 12 to the diffuser
16. The diffuser 16 1s configured to convert the high-velocity
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fluid flow from the impeller 12 1into a high pressure tflow (i.e.,
convert the dynamic head to pressure head).

In the present embodiment, the diffuser 16 includes dif-
fuser vanes 18 coupled to a hub 20 1n an annular configura-
tion. The vanes 18 are configured to increase diffuser effi-
ciency. As discussed in detail below, each vane 18 includes a
leading edge section, a trailing edge section and a constant
thickness section extending between the leading edge section
and the trailing edge section, thereby forming a non-airfoil
vane 18. Properties of the vane 18 are configured to establish
a three-dimensional arrangement that particularly matches
the fluid flow expelled from the impeller 12. By contouring,
the three-dimensional non-airfoil vane 18 to coincide with
impeller exit tlow, efliciency of the diffuser 16 may be
increased compared to two-dimensional cascade diffusers. In
addition, surge flow and choked flow losses may be reduced
compared to three-dimensional airfoil-type diffusers.

FIG. 2 1s a partial axial view of the diffuser 16, showing
fluid flow expelled from the impeller 12. As 1llustrated, each
vane 18 includes a leading edge 22 and a trailing edge 24. As
discussed 1n detail below, fluid flow from the impeller 22
flows from the leading edge 22 to the trailing edge 24, thereby
converting dynamic pressure (1.¢., flow velocity) into static
pressure (1.e., pressurized tluid). In the present embodiment,
the leading edge 22 of each vane 18 1s oriented at an angle 26
with respect to a circumierential axis 28 of the hub 20. The
circumierential axis 28 follows the curvature of the annual
hub 20. Therefore, a 0 degree angle 26 would result 1n a
leading edge 22 oriented substantially tangent to the curva-
ture of the hub 20. In certain embodiments, the angle 26 may
be approximately between 0 to 60, 5 to 55, 10 to 30, 15 to 45,
15 t0 40, 15 to 35, or about 10 to 30 degrees. In the present
embodiment, the angle 26 of each vane 18 may vary between
approximately 17 to 24 degrees. However, alternative con-
figurations may employ vanes 18 having different orienta-
tions relative to the circumierential axis 28.

As 1llustrated, fluid flow 30 exits the impeller 1 both the
circumierential direction 28 and a radial direction 32. Spe-
cifically, the fluid tflow 30 is oriented at an angle 34 with
respect to the circumierential axis 28. As will be appreciated,
the angle 34 may vary based on impeller configuration,
impeller rotation speed, and/or flow rate through the com-
pressor 10, among other factors. In the present configuration,
the angle 26 of the vanes 18 is particularly configured to
match the direction of fluid flow 30 from the impeller 12. As
will be appreciated, a difference between the leading edge
angle 26 and the fluid flow angle 34 may be defined as an
incidence angle. The vanes 18 of the present embodiment are
configured to substantially reduce the incidence angle,
thereby 1ncreasing the efficiency of the centrifugal compres-
sor 10.

As previously discussed, the vanes 18 are disposed about
the hub 20 1n a substantially annular arrangement. A spacing,
36 between vanes 18 along the circumierential direction 28
may be configured to provide eflicient conversion of the
velocity head to pressure head. In the present configuration,
the spacing 36 between vanes 18 1s substantially equal. How-
ever, alternative embodiments may employ uneven blade
spacing.

Each vane 18 includes a pressure surface 38 and a suction
surface 40. As will be appreciated, as the fluid flows from the
leading edge 22 to the trailing edge 24, a high pressure region
1s 1nduced adjacent to the pressure surface 38 and a lower
pressure region 1s induced adjacent to the suction surface 40.
These pressure regions atfect the flow field from the impeller
12, thereby increasing tlow stability and efficiency compared
to vaneless diffusers. In the present embodiment, each three-
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dimensional non-airfoil vane 18 1s particularly configured to
match the flow properties of the impeller 12, thereby provid-
ing increased efficiency and decreased losses within the surge
flow and choked flow regimes.

FIG. 3 1s a meridional view of the centrifugal compressor
diffuser 16, showing a diffuser vane profile. Each vane 18
extends along an axial direction 42 between the hub 20 and a
shroud (not shown), forming a span 44. Specifically, the span
44 1s defined by a vane tip 46 on the shroud side and a vane
root 48 on the hub side. As discussed 1n detail below, a chord
length 1s configured to vary along the span 44 of the vane 18.
Chord length 1s the distance between the leading edge 22 and
the trailing edge 24 at a particular axial position along the
vane 18. For example, a chord length 50 of the vane tip 46 may
vary from a chord length 52 of the vane root 48. A chord
length for an axial position (1.e., position along the axial
direction 42) of the vane 18 may be selected based on fluid
flow characteristics at that particular axial location. For
example, computer modeling may determine that fluid veloc-
ity from the impeller 12 varies 1n the axial direction 42.
Theretore, the chord length for each axial position may be
particularly selected to correspond to the incident fluid veloc-
ity. In this manner, efficiency of the vane 18 may be increased
compared to configurations in which the chord length
remains substantially constant along the span 44 of the vane
18.

In addition, a circumierential position (1.e., position along,
the circumierential direction 28) of the leading edge 22 and/
or trailing edge 24 may be configured to vary along the span
44 of the vane 18. As 1llustrated, a reference line 54 extends
from the leading edge 22 of the vane tip 46 to the hub 20 along
the axial direction 42. The circumierential position of the
leading edge 22 along the span 44 1s offset from the reference
line 54 by a variable distance 56. In other words, the leading
edge 22 1s variable rather than constant 1n the circumierential
direction 28. This configuration establishes a variable dis-
tance between the impeller 12 and the leading edge 22 of the
vane 18 along the span 44. For example, based on computer
simulation of fluid flow from the impeller 12, a particular
distance 56 may be selected for each axial position along the
span 44. In this manner, efficiency of the vane 18 may be
increased compared to configurations employing a constant
distance 56. In the present embodiment, the distance 56
increases as distance from the vane tip 46 increases. Alterna-
tive embodiments may employ other leading edge profiles,
including arrangements in which the leading edge 22 extends
past the reference line 54 along a direction toward the 1mpel-
ler 12.

Similarly, a circumiferential position of the trailing edge 24
may be configured to vary along the span 44 of the vane 18. As
illustrated, a reference line 38 extends from the trailing edge
24 of the vane root 48 away from the hub 20 along the axial
direction 42. The circumierential position of the trailing edge
24 along the span 44 1s ofifset from the reference line 58 by a
variable distance 60. In other words, the trailing edge 24 1s
variable rather than constant in the circumierential direction
28. This configuration establishes a variable distance between
the impeller 12 and the trailing edge 24 of the vane 18 along
the span 44. For example, based on computer simulation of
fluid flow from the impeller 12, a particular distance 60 may
be selected for each axial position along the span 44. In this
manner, efficiency of the vane 18 may be increased compared
to configurations employing a constant distance 60. In the
present embodiment, the distance 60 increases as distance
from the vane root 48 increases. Alternative embodiments
may employ other trailing edge profiles, including arrange-
ments 1n which the trailing edge 24 extends past the reference
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line 58 along a direction away from the impeller 12. In further
embodiments, a radial position of the leading edge 22 and/or
a radial position of the trailing edge 24 may vary along the
span 44 of the diffuser vane 18.

FI1G. 4 15 a top view of a diffuser vane profile, taken along
line 4-4 of FIG. 3. As illustrated, the vane 18 includes a
tapered leading edge section 62, a constant thickness section
64 and a tapered trailing edge section 66. A thickness 68 ol the
constant thickness section 64 1s substantially constant
between the leading edge section 62 and the trailing edge
section 66. Due to the constant thickness section 64, the
profile of the vane 18 1s inconsistent with a traditional airfoil.
In other words, the vane 18 may not be considered an airtoil-
type diffuser vane. However, similar to an airfoil-type dii-
fuser vane, parameters of the vane 18 may be particularly
configured to coincide with three-dimensional fluid flow
from a particular impeller 12, thereby efficiently converting
fluid velocity into fluid pressure.

For example, as previously discussed, the chord length for
an axial position (1.e., position along the axial direction 42) of
the vane 18 may be selected based on the flow properties at
that axial location. As 1llustrated, the chord length 50 of the
vane tip 46 may be configured based on the flow from the
impeller 12 at the tip 46 of the vane 18. Sumilarly, a length 70
of the tapered leading edge section 62 may be selected based
on the tlow properties at the corresponding axial location. As
illustrated, the tapered leading edge section 62 establishes a
converging geometry between the constant thickness section
64 and the leading edge 22. As will be appreciated, for a given
thickness 68 of a base 71 of the tapered leading edge section
62, the length 70 may define a slope between the leading edge
22 and the constant thickness section 64. For example, a
longer leading edge section 62 may provide a more gradual
transition from the leading edge 22 to the constant thickness
section 64, while a shorter section 62 may provide a more
abrupt transition.

In addition, a length 72 of the constant thickness section 64
and a length 74 of the tapered trailing edge section 66 may be
selected based on tlow properties at a particular axial posi-
tion. Similar to the leading edge section 62, the length 74 of
the trailing edge section 66 may define a slope between the
trailing edge 24 and a base 75. In other words, adjusting the
length 74 of the trailing edge section 66 may provide desired
flow properties around the trailing edge 24. As illustrated, the
tapered trailing edge section 66 establishes a converging
geometry between the constant thickness section 64 and the
trailing edge 24. The length 72 of the constant thickness
section 64 may result from selecting a desired chord length
50, a desired leading edge section length 70 and a desired
trailing edge section length 74. Specifically, the remainder of
the chord length 50 after the lengths 70 and 74 have been
selected defines the length 72 of the constant thickness sec-
tion 64. In certain configurations, the length 72 of the constant
thickness section 64 may be greater than approximately 50%,
55%, 60%, 65%, 70%, 75%, or more of the chord length 50.
As discussed 1n detail below, a ratio between the length 72 of
the constant thickness section 64 and the chord length 50 may
be substantially equal for each cross-sectional profile
throughout the span 44.

Furthermore, the leading edge 22 and/or the trailing edge
24 may include a curved profile at the tip of the tapered
leading edge section 62 and/or the tapered trailing edge sec-
tion 66. Specifically, a tip of the leading edge 22 may include
a curved profile having a radius of curvature 76 configured to
direct flmid flow around the leading edge 22. As will be appre-
ciated, the radius of curvature 76 may atiect the slope of the
tapered leading edge section 62. For example, for a given
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length 70, a larger radius of curvature 76 may establish a
smaller slope between the leading edge 22 and the base 71,
while a smaller radius of curvature 76 may establish a larger
slope. Similarly, a radius of curvature 78 of a tip of the trailing
edge 24 may be selected based on computed tlow properties at
the trailing edge 24. In certain configurations, the radius of
curvature 76 of the leading edge 22 may be larger than the
radius of curvature 78 of the trailing edge 24. Consequently,
the length 74 of the tapered trailing edge section 66 may be

larger than the length 70 of the tapered leading edge section

62.

Another vane property that may affect fluid flow through
the diffuser 16 1s the camber of the vane 18. As i1llustrated, a
camber line 80 extends from the leading edge 22 to the trail-
ing edge 24 and defines the center of the vane profile (1.e., the
center line between the pressure surface 38 and the suction
surface 40). The camber line 80 illustrates the curved profile
of the vane 18. Specifically, a leading edge camber tangent
line 82 extends from the leading edge 22 and 1s tangent to the
camber line 80 at the leading edge 22. Similarly, a trailing
edge camber tangent line 84 extends from the trailing edge 24
and 1s tangent to the camber line 80 at the trailing edge 24. A
camber angle 86 1s formed at the intersection between the
tangent line 82 and tangent line 84. As illustrated, the larger
the curvature of the vane 18, the larger the camber angle 86.
Therefore, the camber angle 86 provides an effective mea-
surement of the curvature or camber of the vane 18. The
camber angle 86 may be selected to provide an efficient
conversion from dynamic head to pressure head based on flow
properties from the impeller 12. For example, the camber
angle 86 may be greater than approximately 0, 5, 10, 15, 20,
25, 30, or more degrees.

The camber angle 86, the radius of curvature 76 of the
leading edge 22, the radius of curvature 78 of the trailing edge
24, the length 70 of the tapered leading edge section 62, the
length 72 of the constant thickness section 64, the length 74 of
the tapered trailing edge section 66, and/or the chord length
50 may vary along the span 44 of the vane 18. Specifically,
cach of the above parameters may be particularly selected for
cach axial cross section based on computed flow properties at
the corresponding axial location. In this manner, a three-
dimensional vane 18 (1.e., a vane 18 having variable cross
section geometry) may be constructed that provides increased
eificiency compared to a two-dimensional vane (1.e., a vane
having a constant cross section geometry). In addition, as
discussed 1n detail below, the diffuser 16 employing such
vanes 18 may maintain eificiency throughout a wide range of
operating tlow rates.

FIG. 5 1s a cross section of a diffuser vane 18, taken along
line 5-5 of FI1G. 3. Simuilar to the previously discussed profile,
the present vane section includes a tapered leading edge sec-
tion 62, a constant thickness section 64, and a tapered trailing
edge section 66. However, the configuration of these sections
has been altered to coincide with the flow properties at the
axial location corresponding to the present section. For
example, the chord length 87 of the present section may vary
from the chord length 50 of the vane tip 46. Similarly, a
thickness 88 of the constant thickness section 64 may differ
from the thickness 68 of the section o1 FIG. 4. Furthermore, a
length 90 of the tapered leading edge section 62, a length 92
of the constant thickness section 64 and/or a length 94 of the
tapered trailing edge section 66 may vary based on flow
properties at the present axial location. However, a ratio of the
length 92 of the constant thickness section 64 to the chord
length 87 may be substantially equal to a ratio of the length 72
to the chord length 50. In other words, the constant thickness
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section length to chord length ratio may remain substantially
constant throughout the span 44 of the vane 18.

Similarly, a radius of curvature 96 of the leading edge 22,
a radius of curvature 98 of the trailing edge 24, and/or the
camber angle 100 may vary between the illustrated section
and the section shown 1n FIG. 4. For example, the radius of
curvature 96 of the leading edge 22 may be particularly
selected to reduce the incidence angle between the fluid tlow
from the impeller 12 and the leading edge 22. As previously
discussed, the angle of the fluid flow from the impeller 12 may
vary along the axial direction 42. Because the present
embodiment facilitates selection of a radius of curvature 96 at
cach axial position (1.e., position along the axial direction 42),
the incidence angle may be substantially reduced along the
span 44 of the vane 18, thereby increasing the etficiency of the
vane 18 compared to configurations in which the radius of
curvature 96 of the leading edge 22 remains substantially
constant throughout the span 44. In addition, because the
velocity of the fluid flow from the impeller 12 may vary 1n the
axial direction 42, adjusting the radu1 of curvature 96 and 98,
chord length 87, chamber angle 100, or other parameters for
cach axial section of the vane 18 may facilitate increased
elficiency of the entire difl

user 16.

FIG. 6 1s a cross section of a diffuser vane 18, taken along
line 6-6 of FI1G. 3. Similar to the section of FIG. 5, the profile
ol the present section 1s configured to match the tflow proper-
ties at the corresponding axial location. Specifically, the
present section includes a chord length 101, a thickness 102
of the constant thickness section 64, a length 104 of the
leading edge section 62, alength 106 of the constant thickness
section 64, and a length 108 of the trailing edge section 66 that
may vary from the corresponding parameters of the section
shown 1 FIG. 4 and/or FIG. 5. In addition, a radius of cur-
vature 110 ofthe leading edge 22, aradius of curvature 112 of
the trailing edge 24, and a camber angle 114 may also be
particularly configured for the flow properties (e.g., velocity,
incidence angle, etc.) at the present axial location.

FI1G. 7 1s a cross section of a diffuser vane 18, taken along
line 7-7 of FI1G. 3. Similar to the section of FIG. 6, the profile
ol the present section 1s configured to match the tflow proper-
ties at the corresponding axial location. Specifically, the
present section includes a chord length 52, a thickness 116 of
the constant thickness section 64, a length 118 of the leading
edge section 62, a length 120 of the constant thickness section
64, and a length 122 of the trailing edge section 66 that may
vary Irom the corresponding parameters of the section shown
in FIG. 4, FIG. 5§ and/or FIG. 6. In addition, a radius of
curvature 124 of the leading edge 22, a radius of curvature
126 of the trailing edge 24, and a camber angle 128 may also
be particularly configured for the flow properties (e.g., veloc-
ity, incidence angle, etc.) at the present axial location.

In certain embodiments, the profile of each axial section
may be selected based on a two-dimensional transformation
of an axial flat plate to a radial flow configuration. Such a
technique may mvolve performing a conformal transforma-
tion of a rectilinear tlat plate profile 1n a rectangular coordi-
nate system 1into a radial plane of a curvilinear coordinate
system, while assuming that the flow 1s umiform and aligned
within the orniginal rectangular coordinate system. In the
transformed coordinate system, the tlow represents a loga-
rithmic spiral vortex. It the leading edge 22 and trailing edge
24 of the diffuser vane 18 are situated on the same logarithmic
spiral curve, the diffuser vane 18 performs no turning of the
flow. The desired turning of the tlow may be controlled by
selecting a suitable camber angle. The 1nitial assumption of
flow uniformity in the rectangular coordinate system may be
modified to involve an actual non-uniform flow field emanat-
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ing from the impeller 12, thereby improving accuracy of the
calculations. Using this technique, a radius of curvature of the
leading edge, a radius of curvature of the trailing edge, and/or
the camber angle among other parameters, may be selected,
thereby increasing eificiency of the vane 18.

FIG. 8 1s a graph of efficiency versus flow rate for a cen-
trifugal compressor 10 that may employ an embodiment of
the diffuser vanes 18. As illustrated, a horizontal axis 130
represents flow rate through the centrlfugal compressor 10, a
vertical axis 132 represents elliciency (e.g., 1sentropic eifi-
ciency), and a curve 134 represents the ef1¢1ency of the
centrifugal compressor 10 as a function of flow rate. The
curve 134 includes a region of surge flow 136, a region of
cificient operation 138, and a region of choked flow 140. As
will be appreciated, the region 138 represents the normal
operating range ol the compressor 10. When flow rate
decreases below the eflicient range, the compressor 10 enters
the surge flow region 136 in which insufficient fluid flow over
the diffuser vanes 18 causes a stalled flow within the com-
pressor 10, thereby decreasing compressor efficiency. Con-
versely, when an excessive flow of tluid passes through the
diffuser 16, the diffuser 16 chokes, thereby limiting the quan-
tity of fluid that may pass through the vanes 18.

As will be appreciated, configuring vanes 18 for efficient
operation includes both increasing efficiency within the efi-
cient operating region 138 and decreasing losses within the
surge flow region 136 and the choked flow region 140. As
previously discussed, three-dimensional airfoil-type vanes
provide high efficiency within the etficient operating region,
but decreased performance within the surge and choked flow
regions. Conversely, two-dimensional cascade-type diffusers
provide decreased losses within the surge flow and choked
flow regions, but have reduced efliciency within the efficient
operating region. The present embodiment, by contouring
cach vane 18 to match the flow properties of the impeller 12
and 1ncluding a constant thickness section 64, may provide
increased elliciency within the efficient operating region 138
and decreased losses with the surge tlow and choked flow
regions 136 and 140. For example, 1n certain embodiments,
the present vane configuration may provide substantially
equivalent surge flow and choked flow performance as a
two-dimensional cascade-type diffuser, while increasing etfi-
ciency within the efficient operating region by approximately
1.5%.

While the invention may be susceptible to various modifi-
cations and alternative forms, specific embodiments have
been shown by way of example in the drawings and have been
described 1n detail herein. However, it should be understood
that the mnvention 1s not intended to be limited to the particular
forms disclosed. Rather, the invention 1s to cover all modifi-
cations, equivalents, and alternatives falling within the spirit
and scope of the mvention as defined by the following
appended claims.

The mvention claimed 1s:

1. A system comprising;:

a centrifugal compressor diffuser vane, comprising:

a leading edge disposed between pressure and suction
surfaces and extending along a span of the centrifugal
compressor diffuser vane 1n a span direction from a
vane root to a vane tip;

a trailing edge disposed between the pressure and suc-
tion surfaces and extending along the span of the
centrifugal compressor difluser vane 1n the span
direction from the vane root to the vane tip; and

a constant thickness section disposed between the pres-
sure and suction surfaces and extending along a cam-
ber line between the leading edge and the trailing
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edge, wherein a ratio of a length of the constant thick-
ness section to a chord length of the centrifugal com-
pressor diffuser vane 1s at least approximately 50%,
wherein the ratio 1s constant 1n the span direction
along the span of the centrifugal compressor diffuser
vane, wherein the chord length varies 1 the span
direction along the span of the centrifugal compressor
diffuser vane, wherein the centrifugal compressor dif-
fuser vane comprises at least one of:

a curvature extending in the span direction along at least
one of the leading edge or the trailing edge; or

the leading and trailing edges gradually extending in a
common direction along the camber line as the cen-
trifugal compressor diffuser vane extends in the span
direction from the vane root to the vane tip; or

a length along the camber line of at least one of the
constant thickness section, a tapered leading edge
section, or a tapered trailing edge section, varying in
the span direction; or

the tapered leading and trailing edge sections each con-
verging from the pressure and suction surfaces toward
the camber line; or

a curved profile at a tip of at least one of the leading edge
or the trailing edge, wherein the curved profile has a
radius of curvature that varies 1n the span direction; or

any combination thereof.

2. The system of claim 1, wherein a camber angle of the
centrifugal compressor diffuser vane varies 1n the span direc-
tion along the span of the centrifugal compressor diffuser
vane.

3. The system of claim 1, wherein a firstradius of curvature
of the leading edge 1s selected to reduce an incidence angle
between a fluid tlow and the leading edge compressor difluser
vane.

4. The system of claim 1, wherein a circumierential posi-
tion of the leading edge, a circumierential position of the
trailing edge, or a combination thereof, varies 1n the span
direction along the span of the centrifugal compressor dii-
fuser vane.

5. The system of claim 1, wherein a radial position of the
leading edge, a radial position of the trailing edge, or a com-

bination thereof, varies 1n the span direction along the span of

the centrifugal compressor diffuser vane.

6. The system of claim 1, comprising a centrifugal com-
pressor diffuser including a plurality of centrifugal compres-
sor diffuser vanes disposed about a hub and/or an impeller 1n
an annual arrangement.

7. The system of claim 6, wherein a circumierential spac-

ing between each pair of adjacent vanes of the plurality of

centrifugal compressor diffuser vanes 1s equal.

8. The system of claim 6, wherein a circumierential spac-
ing between the plurality of centrifugal compressor diffuser
vanes 1s uneven.

9. The system of claim 6, wherein a distance between the
leading edge and the impeller varies 1n the span direction
along the span of each vane of the plurality of centrifugal
compressor diffuser vanes.

10. The system of claim 6, wherein a distance between the
trailing edge and the impeller varies 1n the span direction
along the span of each vane of the plurality of centrifugal
compressor diffuser vanes.

11. The system of claim 6, wherein each vane of the plu-
rality of centrifugal compressor difluser vanes 1s angled
approximately between 10 to 30 degrees relative to a circum-
terential axis of the hub.

12. The system of claim 1, wherein the centrifugal com-
pressor diffuser vane has the leading and trailing edges gradu-
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ally extending 1n the common direction along the camber line
as the centrifugal compressor diffuser vane extends in the
span direction from the vane root to the vane tip.

13. The system of claim 1, wherein the centrifugal com-
pressor diffuser vane has the length along the camber line of
at least one of the constant thickness section, the tapered
leading edge section, or the tapered trailing edge section,
varying in the span direction.

14. The system of claim 1, wherein the centrifugal com-
pressor diffuser vane has the tapered leading and trailing edge
sections each converging from the pressure and suction sur-
faces toward the camber line.

15. The system of claim 1, wherein the centrifugal com-
pressor diffuser vane has two or more of:

the curvature extending 1n the span direction along at least

one of the leading edge or the trailing edge; or

the leading and trailing edges gradually extending in the

common direction along the camber line as the centrifu-

gal compressor diffuser vane extends in the span direc-
tion from the vane root to the vane tip; or

the length along the camber line of at least one of the

constant thickness section, the tapered leading edge sec-

tion, or the tapered trailing edge section, varying in the
span direction; or

the tapered leading and trailing edge sections each con-

verging from the pressure and suction surfaces toward

the camber line; or

the curved profile at the tip of at least one of the leading

edge or the trailing edge, wherein the curved profile has

the radius of curvature that varies in the span direction.

16. A system comprising:

a centrifugal compressor diffuser vane, comprising:

a leading edge disposed between pressure and suction
surfaces and extending along a span of the centrifugal
compressor diffuser vane 1n a span direction from a
vane root to a vane tip;

a trailing edge disposed between the pressure and suc-
tion surfaces and extending along the span of the
centrifugal compressor difluser vane 1n the span
direction from the vane root to the vane tip;

a constant thickness section disposed between the pres-
sure and suction surfaces and extending along a cam-
ber line between the leading edge and the trailing
edge, wherein a ratio of a length of the constant thick-
ness section to a chord length of the centrifugal com-
pressor diffuser vane 1s at least approximately 50%,
wherein the centrifugal compressor diffuser vane
comprises at least one of:

a curvature extending 1n the span direction along at least
one of the leading edge or the trailing edge; or

the leading and trailing edges gradually extending in a
common direction along the camber line as the cen-
trifugal compressor diffuser vane extends in the span
direction from the vane root to the vane tip; or

a length along the camber line of at least one of the
constant thickness section, a tapered leading edge
section, or a tapered trailing edge section, varying in
the span direction; or

the tapered leading and trailing edge sections each con-
verging from the pressure and suction surfaces toward
the camber line; or

a curved profile at a tip of at least one of the leading edge
or the trailing edge, wherein the curved profile has a
radius of curvature that varies 1n the span direction; or

any combination thereof;
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wherein a camber angle of the centrifugal compressor dif-
fuser vane varies in the span direction along the span of
the centrifugal compressor diffuser vane; and

wherein a first radius of curvature of the leading edge, a
second radius of curvature of the trailing edge, the cam-
ber angle, or a combination thereot, 1s selected based on
a two-dimensional transformation of an axial flat plate to
a radial tlow configuration.

17. A system comprising:

a centrifugal compressor di

a hub; and

a plurality of vanes extending from the hub 1n an axial
direction, wherein each vane of the plurality of vanes
includes a tapered leading edge section extending
along a camber line, a tapered trailing edge section
extending along the camber line, and a constant thick-
ness section extending along the camber line between
the tapered leading edge section and the tapered trail-
ing edge section, wherein the constant thickness sec-
tion has a first length along the camber line greater
than approximately 50% of a vane chord length, and
wherein a second length along the camber line of the
tapered leading edge section, a third length along the
camber line of the tapered trailing edge section, and

the first length along the camber line of the constant

thickness section vary 1n a span direction from a vane
root to a vane tip along a span of each vane of the
plurality of vanes.

18. The system of claim 17, wherein the plurality of vanes
1s disposed about the hub in an annual arrangement, and
wherein a circumierential spacing between each pair of adja-
cent vanes of the plurality of vanes 1s equal.

19. The system of claim 17, wherein each vane of the
plurality of vanes 1s angled approximately between 10 to 30
degrees relative to a circumierential axis of the hub.

20. The system of claim 17, wherein a camber angle of each
vane of the plurality of vanes varies 1n the span direction from
the vane root to the vane tip along the span of each vane of the
plurality of vanes.

21. The system of claam 20, wherein the second length
along the camber line of the tapered leading edge section, the
third length along the camber line of the tapered trailing edge
section, the camber angle, or a combination thereof, 1s
selected based on a two-dimensional transformation of an
axial flat plate to a radial flow configuration.

22. The system of claim 17, wherein a ratio of the first
length along the camber line of the constant thickness section
to the vane chord length 1s constant along the span of each
vane of the plurality of vanes.

23. A system comprising:

a centrifugal compressor, comprising:

an impeller; and

a diffuser disposed about the impeller, wherein the dif-
fuser comprises a plurality of vanes, each vane of the
plurality of vanes comprises a leading edge, a trailing
edge, and a constant thickness intermediate section
extending along a camber line between the leading
edge and the trailing edge, wherein a ratio of a length
of the constant thickness intermediate section to a
chord length of the centrifugal compressor diffuser
vane 1s at least approximately 50%, wherein the ratio
1s constant 1n the span direction along the span of the
centrifugal compressor diffuser vane, wherein the
chord length varies in the span direction along the
span of the centrifugal compressor diffuser vane,
wherein each vane of the plurality of vanes comprises
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a curvature extending in a span direction from a vane
root to a vane tip of the vane along at least one of the
leading edge or the trailing edge.

24. The system of claim 23, wherein each vane of the
plurality of vanes comprises the leading and trailing edges
gradually extending 1n a common direction along the camber
line as the vane extends in the span direction from the vane
root to the vane tip.

25. The system of claim 23, wherein each vane of the
plurality of vanes comprises a length along the camber line of
at least one of the constant thickness intermediate section, the
tapered leading edge section, or the tapered trailing edge
section, varying in the span direction.

26. The system of claim 23, wherein each vane of the
plurality of vanes comprises tapered leading and trailing edge
sections each converging from the pressure and suction sur-
faces of the vane toward the camber line.

27. A system comprising:
a centrifugal compressor, comprising;:
an 1mpeller; and

a diffuser disposed about the impeller, wherein the dif-
tuser comprises a plurality of vanes, each vane of the
plurality of vanes comprises a leading edge, a trailing
edge, and a constant thickness intermediate section
extending along a camber line between the leading
edge and the trailing edge, wherein a ratio of a length
ol the constant thickness intermediate section to a
chord length of the centrifugal compressor ditfuser
vane 1s at least approximately 50%, wherein the ratio
1s constant 1n the span direction along the span of the
centrifugal compressor diffuser vane, wherein the
chord length varies in the span direction along the
span ol the centrifugal compressor diffuser vane,
wherein each vane of the plurality of vanes comprises
a curved profile at a tip of at least one of the leading
edge or the trailling edge, wherein the curved profile
has a radius of curvature that varies 1n the span direc-
tion from the vane root to the vane tip.

28. A system comprising;

.

a centrifugal compressor diffuser vane, comprising:

a leading edge disposed between pressure and suction
surfaces and extending along a span of the centrifugal
compressor diffuser vane 1n a span direction from a
vane root to a vane tip;

a trailing edge disposed between the pressure and suc-
tion surfaces and extending along the span of the
centrifugal compressor diffuser vane 1n the span
direction from the vane root to the vane tip; and

a constant thickness section disposed between the pres-
sure and suction surfaces and extending along a cam-
ber line between the leading edge and the trailing
edge, wherein a ratio of a length of the constant thick-
ness section to a chord length of the centrifugal com-
pressor diffuser vane 1s at least approximately 50%,
wherein the ratio 1s constant 1n the span direction
along the span of the centrifugal compressor diffuser
vane, wherein the chord length varies 1 the span
direction along the span of the centrifugal compressor
diffuser vane, wherein the centrifugal compressor dif-
fuser vane has a curvature extending 1n the span direc-
tion along at least one of the leading edge or the
trailing edge.
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29. A system comprising:
a centrifugal compressor diffuser vane, comprising;

a leading edge disposed between pressure and suction
surfaces and extending along a span of the centrifugal
compressor diffuser vane 1n a span direction from a 3
vane root to a vane t1p;

a trailing edge disposed between the pressure and suc-
tion surfaces and extending along the span of the
centrifugal compressor diffuser vane 1n the span
direction ifrom the vane root to the vane tip; and 10

a constant thickness section disposed between the pres-
sure and suction surfaces and extending along a cam-
ber line between the leading edge and the trailing
edge, wherein a ratio of a length of the constant thick-
ness section to a chord length of the centrifugal com- 15
pressor diffuser vane 1s at least approximately 50%,
wherein the ratio 1s constant 1n the span direction
along the span of the centrifugal compressor diffuser
vane, wherein the chord length varies 1 the span
direction along the span of the centrifugal compressor 20
diffuser vane, wherein the centrifugal compressor dif-
fuser vane has a curved profile at a tip of at least one
of the leading edge or the trailing edge, wherein the
curved profile has a radius of curvature that varies 1n
the span direction. 25
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